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(57) Abstract 

Use of an electrochemical detectioh of redox species (Mr) in a medium to determine the occurence of a condition 
under which such species are produced or released, wherein such production or release is enabled by the dig^on or dis- 
ruption of a macromolecular species (A^). The invention provides a method of assay for a polymer, for a depolymerase en- 
zyme, and for a labelled spedfic binding agent, in which a polymer (A„) is labelled with a component of a mediator/en- 
zyme/substrate system which remains inactive until released into solution. Elearodes in the mediiim detennine the occur- 
ence of a condition under which redox species are produced by the mediator/enzyme/substrate system or released into 
solution. Where the mediator activity of, for example ferrocene to glucose oxidase is used an ampliilcation step is pro- 
vided. 
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Title : 

Assay for degradabi^ . subs tirates by .Electro- 
chemical detection oi redox speciek. 

^ie-ldvOf. Invention :- 

The pte^seiit tnverition cohdfechs the electrochemical 
detection of redox species in a mediuia and the use of 
such detection to determine the o'dcureintie oiC a cohdition 
under which such species are liberated,, produced, 

seqiiescarsd or discharged ihcb a medium. 

More particularly, the present invention is tbAcethifild 
With th^ electrochemistry of mediators in cbiiblriatibh 
with degradable substrates, such as pbiytaer^, and With 
an electrochemical assay which is in one aspect 
particularly cohcerned with an assay for the presence 
of, or ainiount of, polysaccharide complexes ih ^ sample, 
but which extends a gieheral as^ay for iiet^ctifig the 
preseiice- of , moriitoiring the level of or determinihg th^ 
cohcQihtratioh of compounds cohtaiiiihg pdlyiheric 
structures as set forth below and includlh^f but not 
limited to: celluloses. pectins, galactdsides, 
hyaluronic acids, lipids, peptides, nucleic acldis and 
specific binding partners in immunoassay. As a second 
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limb of the invisntlon* thece is disclosed ah assay 
system for enzymes having a polymerase or depolymerase 
activity, and for other chemical or physical conditions 
resulting in the making or bre<lking of cheiaxcai bbhds, 
5 or chdhge^ in physical state or condition. 

While use may be made of this invention in the chemical 
industry* especially where complex mlxtlir^s are 
encountered (e.g. in food chemistry ot biochemical, 
engineerihg) it is of particular value in biological 
10 investigation and control techniques. More 
particularly, it lends Itself to animal or human 
medicine, and in particular to in vitro measuring or 
monitoring of coiaponents in body fluids. 

Prior Art : - 

15 For convenience, the invent ioh will be described, inter 
aliae with particular reference to one class df 
measurements; the determination of the activity of 
enzymes capable of digesting polysaccharides. Moreover, 
while the provisioh of sensors for compohents in 

20 biological fluids is one object of the invention, other 
and broader objects are not hereby excluded.. 

For example, it is an object of the invention to provide 
an improved assay for a-Amylase (1,4-a-D-glucan 
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^liacaaohydtoiase. E.C.3.2.1.l.)r an enzyme which 
catalyses the hydrolysis of 1,4-a-glycosidlc linkages 
of pdlysadchiatides (e-g. starches and glycogen) and of 
oligosaccharides to yield maltose and other simple 
5 cleavage products i 

It is khoim that the catalytic activity of a-amylase 
in seruim oc iirihe is due to at least two distinct 
isoerizymes: a first d^amylase from the pancreas and a 
seconid from the saliva, this endoenzyme is extehisively 

10 taeastired in clihibal laboratories for the diagnosis of 
acute .pancreatitis and obstruction of the pahcreatid 
duct. The deterniination of a-amylase activity is als6 . 
important for the food industry, especially for starch 
cbhvertihg plants. breweries and other f ermiantatidn 

15 fiacilities. * 

The prior art analytical methods for the measurement of 
d^amylase activity can be classified ih three 
categories. amyloclastic (i.e. starch-^iodine) . 
sadcharogenic and chromogenic methods, of which the 
20 amyloclastic methods represent the majority of routine 
d-amyiasie determinatidhis. All of these methods aire, 
however, laborious, costly and require skilled personnels 

It has been shown that the development of ehyzme 
electrodes for the detection of low-molecular weight 
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pcodticts genec^ted by cleaving the polysacchacldes can 
imptdve the the techniques used in the saccharogeriic 
methbds, Ybda and tsuchida "Chemical Sensors" edited T. 
Seiyama. K. Fueki* J Shibkawa and S. Suzuki. Proceedings 
of thii tnterhationai meeting on Chemical Sensors. 

Printed proceedings of biosensors meeting in Tokyo 
pp648-653] have described a polarbgraphic ehzytae 
ietiiatctrbde foe the meaisuremeht of a^amylase activity 
biased upbh the follbvihg rbaction scheme. 



id starch ^"^"^V- ase ^ ^ maltose + maltbtriose + 



.bligosaccharides 



maltbs^ + maltbtriose + oligosaccharides 

glucose 



^ alucbse oxidase 
glucose + + H^O ^ > 

15 gluconic acid + H^O^ 



Hydrogen perojcide produced by the oxidation of glucose 
by glucose oxidase: is determined by a polarbgraphic 
electrode of the type used in the Yellbw Springs Glucose 
Analyser i 



A second pblarographic method for determination of 
20 a-amylase activity has been described by Scheller and 
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co-vbckers [Schellec. Rehnebecg and Strnkd. J. 
Eiectroanal. Cheia. 194 123-136 (1985)] and is based upon 
the electrdctieidical detection of hydcol/sis products 
from modified blue starch, thei subs-trate normally used 
5 for chrombgehic dieterminiatioa 6£ ot-amyiasb activity. 
They have used diffecehtial pulse polarography at a 
dropping mercury electrode as the method of detection. 

Other fetrdciene mbdified polymers have beien described by 
Simionescu [as mientiohed ih Sheats. Pittman and 
10 Carraher, Chemistry in Britain. August 1984 J. 
Simionescu discusises the attachment of ferrbtienia 
carbokylic scrid to celltilose and to Pbly^/ihylaceitate by 
i esteFt linkages i and the attachment of . ferrocene 
- 'carboxaidehyde to polyvinyl pyrrblidinone via an aldbl 
15 condehsation. It is suggested by Simionescu that the 
adduct acts as ah effective slbw-release ageiit lor the 
treatment of anaistfiaw 

The techhical baclcgrbuhd of the present invention is 
described ih bur European Patent Application 8230S597 
which describes and claims a sensor electrode composed 
of electrically conductive material and comprising at 
least at an external surface therebf the combination of 
ah ehzymie ahd a mediator compound Which transfers 
electrons to the electrode when the enzyme is 
catalyticaliy active. 



20 

t 

25 
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the purpose of sudh aii electrode is to detect the 
presence of, measure the aiabunt of and/or monitor tlie 
level of one or more selected compbnentis capable of 
undertaking a reaction citaiirsed by the said i^hiylae* 

5 Bxaraplies of electrode configurations, mediators and uses 
are given iii that and subsequent patent applications by 
the applicants. 

Enzyme/substrate pairs whose electrochemical behaviout 

in association with mediator compounds have been studied 
to by the Applicants include those listed in Table 1. 

it is believed that any biC these pairs could be* lit iliised 

■■• . * • 

Ih assbciatibh with a siiitable inediator In the preiseat 
ihvehtibh, given some limitations on the assay 
conditibhs which wbuld be obvious tb the man skillisd in 
15 the att^ Of the^e pairs, it is clearly advantagebiis to 
utilise those ehzyme/stibstrate pairs whose behaviour is 
eistablisheid in most detail and which give good, 
preferably linear. response over the expected 
iieasuremeht range. 
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Table 1 ; 

♦ EhzVihe Reactions Known To. Couple. With. Mediatdcs 



Enzyme 



Substrate 



Flavd-pcbte.ins 

Pyruvate Oxidase 
L-' Amino Acid Oxidase 
Aldehyde Oxidase 
Xanthine Oxidase 
Glucose Oxidase 
Sar cosine Oxidase 



Pyruvates 
L-'Amino Acids 
Aldehydes 
Xanthines 
Glucose 
Sax cosine 



10 . POO -Enzymes 

Glucose Dehydrogenase 
Methanol Dehydrogenase 

Methylamine Dehydrogenase 



Glucose 
Methanol and 
other Alkahols 
Methylamine 



is Cytochrome b-linteed Eh^vmes 
Lactate Okidase 



Lactatis 



Hetalldiglavbproteins 
Carbon monoxide 
bxidoreductase 



Carbon Mohoxide 
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In our earlier application, we state that ferrbcehea 
(bis-cyclop^ntadiehyl iron add its derivatives) have 
advantages over other mediators used with 
ehzyme/substrate reactions for charge-transfer purposes . 

i Whilst fecrocenes had been found to be of limited value 
in spectrophotometric assays as a result bt their pdofc 
solubility in aqueous solution and Idw extihctioh 
coefficients, they have been found to be more suited to 
a bib-electrochemical system. Ferrbcehes havjs: 

iIj <a) a wide range of redox pbt^ntials accife^sibie 

through substitution of the cyclbpehtadienyl rings which 
can be functional ised; 

(b) electtochemically reversible bhe-electroh redbx 
properties; 

(c) a pH-rindependent redox potential and a sloW 
autoxidatibh of the reduced form. 

Within this general class of fferrocehes. i.e. the 
iaottomeric br polymeric derivates substituted around bhe 
or both rings, we have found certain ind.ividuiar 
2Q fertbcenes such as are listed in Table 2. 
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•■■5 



. io 





Tabld 






Somie. Decivatives 


of" Ferrocene 




Ferrocene derivative 




Solubility 


c , 


l.l'-ditoethyl- 


100 






acetic actd 


124 


S 


370 


hydrbxyethyl- 


161 


a 






165 


t.D 


335 


1. 1' bis(hydcoxyin6tliyl)-^ 


224 


. • s 


3fii5 


nioabcac boxy lie acid 


275 


s 


420 


1, I' -dicarbbxylic icid 


395 


s 




caiocb- 


345 


:.D 




mettiyl* ti imethylaffliao- 


400 


s 





S indicates water soiubiiity: I,D mean respectively 
thsbluble^ and detergeiht- sbiubllised in 3% tWeen-^ao. 
is in mV vs a standard calomel electrode, c is 
15 measured in cm"^M^^i~^' 

Other mediator cbmipbtihds include those listed ibi Table 
3. It should bb noted that rtbt all mediator compounds 
will mediate effectively between a particular redox 
enzyme and an electrode sUrtace, the selection of the 
20 bptimum mediator is to some extent deteriiined by the 
particular enzyme in use, under a given set of chemical 
ahd/or physical conditionis. 
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TABLE 3 
M^diatbr .Gbmi3i6tind8 

dtliec metallocenes, 
F^rtbcy^nide/ i?erticyaniide. 
iBitiilii^hiuiiil Cdmpbuitdsv 
5 Git boraii^s/ 

Conductive salts of TGNQ. 
Halbanils, atxd detivatlv^s thereof, 
Viblbgehs and their pblymers* 
Quiriohes, 

- 10 * - Alkyi substituted phisnazine d and. 

BiS-^cyclb^ientaaien^ (Cp)^Ki complexes. 

With some of th& above mediatbcs it is convenient to 
employ a solid electrode formed from the comj?bund. while 
in others the iaediatbr inight bd cbjait&d onto, or provided 
15 in sblutidn at. an dlectrode surface. 
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Brief DeisctiPtioci of laventioh :* 

in a btbad aspect the ptesent ixxvehtioxi concetns the vise 
of ah electid-cheiDiical di^tectioQ of redox species in a 
* ki^dium to detetM the obciirehce of a condition uhder 
3 Which siich spiecies ace liberated> produced/ released or 
sequestered. Wheceih such product ibii or release is 
ehabied by the digeistioh. build-up or disruption of a 
macrOHldlecTiiar speciiss 

B7 employing ah electrdchemicai detection system to 
10 determihis When the iiberatioh. release* seguei^tratioh or 
ptbductidh ot a redox species occurs, and by coupling 
such liberation, rea'lase, Sequestration or production to 
the digestion. build-up . or disruption of a 
maccomblilcuiar species!, it lis possible to determine the 
15 occurence bi a huiiber of cohditibhs uhder which such 
digestion, build-up ot disruiptidn occurs. For the 
avoidance of doubt, digestion ihcludds the breakage of 
chemical bonds under a cahge b£ conditions, including 
ehzymic digestion of the madf bmoleciilar speciesi, 
20 build-up includes the polyAerisatioh of a liumber of 
mbhbmers, sub-units or bligbmers into a mabrbmblecule, 
and^ disruption includes the bteakage oi bonds by 
physical processes such as the disruption of lysosbmes 
(including liposomes) or micelles. 
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5 According a first aspect b£ the present invention there 
is provided ah assay system comprising; 

a) a macroiSolecular species comprising at 
least in part a dbmponent* activatable on digestion or 
disruption of the macrbmoletiuiar species to pr6du€;e« 

10 liberate^ sequester or release directly, or facilitate 
indirect productidh, libetatibn, sequestration or 
release of redbx species within a medium and, 

b) el^ctfbde tte^hs rescibhsive to the pres^^nc^ 
of the redbx ispecies, for electrobhemicai detectibh or 

15 measuremeht of the redox ^peicies in the medium, 

whereby the said detection or measurement is 
related to the digestion or disruption of the 
magrbmblecular species, as enabled, on occurence of a 
^ predetermined condition, thereby bein^ capable of a 

20 respbtise to the presence type or amount of the 
tnacrbjmolecular species, and/or of the said prieseiice or 
amount of dig^stibh or disruption and/or bf 
circumstances affecting the indirect production of the 
redox species. 

25 This aspect of the ihvehtibh provides for the direct or 
indirect prbductibh or release of a redox: species 
following the digestion or disruptioh of the 
macromolecular species, and may be employed to determine 
when conditions occur under which such a macroiSolecular 

30 species is digested or disrupted. For example, it is 
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possible to determine the occurisnce of a coadition which 
causes a maccomoleculac species composed of a plucality 
of linked siibunits* to separate into individual 
sub-units, by labelling sbtae or all o€ the individual 

5 components with a redox species, the redox behaviour of 
the separate labelled sub-units differs from that of the 
complexed sub-units and separation may b^ detected 
thereby. In one form/ this aspect of the present 
invention is seen to cbimp^rise a system dapable of 

10 detecting a redox species in combination with a redox 
species bound to or held inactive as a compdhent o£ a 
macroiiiolecule. On the occurrence 6f a prie*determihed 
cohdicioh whica releases the tedox compound from its 
inactive conditibh or location, a detectable signal is 

15 produced. 

For example, the redox species may be chemically linked 
to a solid substrate, or linked to a colloidally or 
otherwise dispersed, or disolved molecular species 
inhibiting the redox activity of the species. SUch 

20 linkage prevents free iftovenieiht of the redox species a6d 
so alters the electrochemical response of the si?ecies. 
By way of further example, the redox species may be 
chemically liiiked tp a suitably large molecule^ to 
prevent the passage of the redox species across a 

25 molecular exclusion membrane or other "molecular 
filter". Suitable solid substrates include the wall of 
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an assay v€issel« ot a suitablie insect, such as a region 
of an electrode other than the working electrode surface 
or a mass of beads. 

trpically however « this aspect of the invention 
5 comprises an assay systein including; a redox i9tnzymie» a 

mediator compound capable of facilitating the tt^h^f^r 
of charge frbtn the redox enzyme to the electrode, and, a 
substrate for the redox eazytaei wherein; 

a) the componeht comprises one of s^id redox 
10 enzyme or said mediator, and. 

b) the raacromolecuiar species comprises a 
la rge^ mo I ecu 1.6 immobilissr material linked to . the 

, compdnent^ • ' 

wheteby upon digestion or disruption of . the 
15 macrdmolectilair species, the redok enzyme, substrate aid 
mediator interact to provide thfe redox species \at the 
electrode. 

in this embodiment, the macromolecular species ihdlud^s 
a redox active component which will facilitate the 
20 transfer of charge from the enzyme to an electrode. When 
the coiapdhent is released from the macromolecule. 
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Cbasequently. the pcesetit laveatlooi pcovides . method of 
assay including the st^ps of; 

a) ptepacing a iaixture . coataihihg kiiovn 
amounts of; 

5 i) a redox enzyme. 

11) a taediatoc compound capable of 
. tcahsf erring charge from the redox enzyme to ah 
electrode oii occtirence of a redox reaction, and, 

iii} a substtate for the redox reaction, 
10 wherein ait least one of components i) or ii) is 

linXed to a macrot&dlecule, whereby charge traihsfer to 
the electrode surzacs is restricted, 

b) treating the •mixture - with ah agent 
suspected of being capable of eiEfectively liberatihg the 

15 dbMpbhiarht linked, to the mactomolectile, and. 

C) measuring the charge transfer to the 
eledtrode surface, whereby the presence of the ^geht may 
be determined. 

In this method, one of the components i) or ii) is 
20 . absent from the medium, being linked to the 
macromolecule. When the assay mixture is treated with a 
agent capable of libefatihg the linked c6mpdn^nt» the 
enzyme/ mediator/ substrate system is completed, 
allowing charge transfer to the electrode to produce a 
25 detectable signal. In a particular eiabodiment of this 
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method, the macromolecular species is. a polymer, in 
which* isbme oc all of the moaomeric sub-units are 
labelled with a componeht of the enzyme/ mediator/ 
subistrate system, and the agent capable of liberating 
5 the compdhetit can be a depolymerase enzyiae $uspected of 
being in the sample. 

In those embodiidehts in which t&e mediator is boiihd to 
the polymer and both the redox enzyme and the subStratiat' 
of the redox enzyme are present in the asisay system, 
10 digestibh of the polymer by a depolymerase is indicated 
by ah increase in th^ activity of the mediator. 

According to a second aspect of the present invention 
there is provided -an assay system comprising; 

a) a reagent systism . capable of f acillitating 
15 th^ pibductibn br release of redok species within a 

mediuia in the presence of a component produced or 
released frbm a macrbmblecular species by digestion or 
disrtiptibh of the taacromolec^lar species, and, 

b) at least one electrode responsive to the 
20 pr^sthdb of the redb^ species, for electrbcheiaical 

detection of the redox species in the miedium. 

In this aspect of the invention, the analyte of the 
assay system may be the macromolecular species itself, 
and the assay system is such that in the presence of the 



W08«/S492§ 



PCt/GB86/0(M95 



PAGE 17 

Aactomolectiijaii: species, the reagent system produces 
redox species which can be detected at the electode. 

For example, it is possible to digest or disrupt the 
cdmplex into compdhients s6me of which are themselves 
5 redox species. However it is not necessary for the 
components to be themselves redox species. 

Aceordingiy the present inviihtiori extends to an assay 
^ system including either; a cedok enzyme or a mediator 
compound capable oiE facilitating the transfer of charge 
from the iredok enzyme to the electrode, and a substrate 
for the redox anzyihe; wherein; 

a) th^ component comprises one of said redox 
enzymie or mediator, 

b) thew systeia further cbmprises a further 
enzyme to produce ot release the component in the 
presence of the macromoleculaf species, 

wherein oh treatment of the assay system with a 
saimple containing the macrbiaoiectilar species charge is 
consequently transferred via the mediator compound to 
the said electrode, 

thus, the cbtapohent of the redox Enzyme/ substrate/ 
mediator system Is released when the macromolecular 
species lis acted upon by the further enzyme. 



15 
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In an embddimctnt, tte macxomolecnlat species may be a 
modified polymer, stich as a polysaccharide^ and the 
further enzyme may be a polysaiccharide depolykerase, 
such as aiayldglucosidase or d^amylase. 

5 the present assay syst^mis may be employed in methods of 
assay for specific binding reactions, such as in methods 
of imittUhdissay, 

As an exariiiple/ the ihventioh provides a method 6^ ^ssay 
including th4 steps of; 
^0 a) preparing a mixtute containing known 

araburics of; 

i) a redoit ehiyme. 

ii) a mediatbr cdmpbuhd capable of 
transferring charge between the redox eniyme and an 
15 electrode surface on occurence of a redox reaction. i 

iii) a substrate for the redox reaction. 

and , 

iv) a ligand labelled with ah enzyme 
having a depblymerase activity oh a polymer # 

20 wherein* at least onie of cbthpoheixts i) or ii) is 

linked to the polymer whereby charge transfer is 
restricted until the compdheht is liberated into the 
mixture t 

b) treating the mixture with a sample 
25 suspected of containing an antiligand capable of a 
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specific binding reaction with the lig and. 

• c) iaeasnrihg the i?ertubation of charge, 
trailsfer. whereby the presence of the reactive species 
may be determihied. 

5 In this aspect of the invention, there is provided a 
method suitable for the detection 6f. a specific binding 
reaction, in which the liigand is labelled with ah ^nzylrie 
having a depolymerase activity. this activity is 
detected by the liberation from a macromoleculat 

10 substrate by the enzyiae of a compbrieht of the redox 
enzyme/ mediator/ substrate system* When all three 
parts of tais system are pceseht, charge transfer occurs 
at the eiectrode.- the extent to which /this charge 
transfer dcciirs i^ determined' by the activity of the 

15 deipoiymerase. issigieciaily in the ihstance where the 
ptoduct of this depbiymeias^ is a midiatbr to the redox 
enzyme. When the ligand becomes involved in a specific 
Binding reaction, the depolymerase activity is affebted 
with a consequent effect oh the transfer of charge to 

io the electrode, thus, the spfedific binding reaction may 
be detected indirectly. 

As has been mentioned above, and will be described more 
fully below. the macromolecule can be a polymer 
molecule. by which term we intend to include 
25 hbmopolymers. copolymers or large-molecular chains with 
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related but different units B.g. protein, other 
poiypeptide-lihked substahcias. and nucleic acids. 
Alteraativeiy. it can be the surface of a solid 
particle^ e«g. a pol/styrehe bead. -In both these cases 

3 the breakage of a covaleht itjhemical bond accbmpahiiss^ 
liberation of the cok^oheht linked to the ikmdbiliserv 
either the digestion of th6 polymer or the cleavage of- 
the component from the immbbiliser. As a further 
alternative liberation of the immobiliser compotieht 

^0 accompanies the dis.ruptibri of a larg^ trahsfi^r 
restraining molecule ot aggrie^atibh of molecul6s. For 
example. the immobiliser can comprise ^ liposome^ 
attackable by a phospholipase. 

Arthbiigh the abbViei aspects df the invent ion havie be^h 
15 geherally described in terms of activities which disrupt 
br digest macromblecuies it is possible to reverse the 
process and cbhsciquehty to detect a pblymerase 
activity. Accordingly, the presieint invention ekteiids to 
an assay system for ah enzyme having a polynieras^ 
20 activity comprising: 

ia> a quantity of mbnoiaer or oligomer ciapable 
bf being condensed into a polymert 

b) ah enzyme having a redox activity on the 
said monomer or oligomer* 
25 c) a mediator compound capable of transferring 

charge from the enzyme (b) to an electrode when the 
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enzyme (b) is catalytically active, 

• wherein on treatment of the assay system with a 
sample containing a polymerase capable of polyi^eridih^ 
the said oligomers or monomer; the rate of redox 
5 activity of the enzyme (b), and consequently the amount 
of charge transferred via the raisdiator coiipdund to the 
said electrode, is reduced by the polymerisation of the 
ttortoiaer oi: . oligomer i 

For the avoidance of doubt, the term "depolymerase" is 
10 intended to mean any ehiyme Which is capable of 
degrading, a polymer into mbhomers or oligoniers or a 
mixture of products. this includes, but is not limited 
to hydrolase enzymes, ' peptidases, hyaluronidases, 
galactosidases, and nucleases. "Polymerase** has the 
15 reverse meaning, and includes both tho^e pblymetase 
enzymes which use a template (such ais the enzyxaes 
involved in RNA ahd DNA synthesis) and those enzymes 
which While iiiantif ^cturihg polymers do hot^ require a 
template. 

20 Previous amperbmetric techniques hav4 employed the 
sequestration of the enzyme cbmpoheht of a enzyme/ 
substrate/ mediator system by deans of hbn-cdvalent 
binding forces, such as are fouhd in the interaction of 
an antibody with antigen, hormone with recepitor, 

25 magnetic particle with magnetic body or between 
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compleiaeliitary strands of nucleic acid- The pceseiit 
invention is distiixiguished from these in that the. 
mediator is generally Held by a cbvaleht bond or other 
immobilising influence. 

5 In thosie aspects of the invention in which the mediator 
compound is chemically attached to the polymer, so that 
its "misdiator" or charge transfer ability is reduced or 
eliminated until the polymer is attaclted, it has been 
found preferable that the mediator is a metallocene, and 

10 more preferably ferrocene or a derivative thereof. It 
should however be doted that other, non-metal, mediators 
as listed above Iri Table 3 can also be used, provided 
that the ia^diator- activity is recovered wheh the 
mediator released from the iflimobilising laige 

15 molecule. . ^ 

Ferrocene and derivatives thereof are particularly 
suitable as iaediatots in the present iiiventibn] as they 
have been shown to retain their activity even When 
cohsiderabie modification and/ or substitution of the 
20 ferrocene molecule has been perfbtmed. 

As mehtiohed afaoVe. the depbiyifierase activity liAy b% 
that of a hydrolase and particular utility has been 
found with those embodiments in which the depolymerase 
is specific to a polysaccharide. The second enzyme is 
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preferably selected such that it has a a redox activity 
od the oligo- and mdab-saccharide fragments produced by 
the actiod of the depblymiarase. 

thus in a preferred emboiiiiient of the present invention 
the redox enzyme is glucose oxidase or glucose 
dehydrogenase. 

in a first preferehtial embodiment, amyioglucosidase 
(E.C.3,2.1.3). hydrdlySeS a-li4 ahd d-l. S-glucah 
lihk^geg iii pdiy^acchaiiide^ to produce moiibrnfets 
quant itativsely. The polymer substrate is a 
polyVacchacide. ainylose. which has been modified by 
cbvalent attachment of ierroceh^ via an. ester linkage, 
ftfteir digeStibri b£ the pbiyiiec by the hydrdlytic ehzyme. 
the products can mediate betwiaen glucose oxidase and an 
elecitrbdis. in the presence of a. glucbs^ substrate, and 
generate a measurable electrical signal. 

In a sia<:bhd preferential embodiment, a^amylase 
(B.C. 3 •2 •1.1), acts on a second ferrocene-labelled 
ihsblubie substrate to produce soluble oligomers which 
can be detected aidi^eroiaetrically . the cleavage prodiucts 
are capable of acting as electron acbeptbrs tor glucose 
oxidase in the enzyme catalysed oxidation of glucose, 
thus giving rise to ah amplification of the observed 
current. 
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la botli caseiB ^^lynier^bouiid fecrbcene. is ^leictto- 
chemically sileatv that is. it caixhot act as ah electtoh 
acceptor foe glucose oxidase and does hot exhibit 
eeversible or quasi^relversible eiefctrochemistry. 

5 the tnve'httoh will be furtttisr described by way of 
example ahd with ceferehce to the following figures 
wtiereih; 

iPigute 1; showb a Schematic drawing of an asisay 
system in which the analyte. is a polymer, and in which 
JO the substrate of the enzyme from which charge transfer 
• occurs is. a tfohomer or ah oligomer ot the pblymet, 

Figtire 2; ih&w's ah ais^^y systlett in which the ahaiyte 
is a d^polymerase, and in which a mediator compound is 
immobilised as a cohstitueht of a polymer until monomers 
15 and oligbiiiers having mediatot activity are released by 
the action Of this depOlym^raset 

Figure 3: shows ah assay system in which the analyte 
is a reagent capable of releasing immbbilised ehzyme 
into the free portion of the assay system, and in which 
20 both substrate and a mediator for that enzyme are 
present in the free portion. 
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Figure 4: shows in schematic totm a system in Wtiich 
the release of the mediator compound into th4 asfeay 
raediuia is accompanied by the cleavage of a sjpe^if ic ty^e 
of chemi&al bond. 



5 Fiigure 5; ihows an extisnsioh of the technique 

illustrated in figure 5, id which a moleduiar exciusion 
membrane is eiiployed« 

Figure 6; shows in scheniatic form the bpefatibh of a 
assay system in which the eiectrobhemical response of 
Id the mediator compound is determined directly. 

Figure 7; shows a) DC cyclic voltammogcam of 3mg bt a 
fertobehe derivative of a pblysaccharide in -iml 
K^HPO^tN^Cl buffer, pH 7.0 @l 37*»C, 

b) DC cyclic voltamiograi. of the 
15 soiutibh (a) aftisr ihcSubatibii at 37«C for lOmin. iiith 
25U d-^amylase. ahd, 

c) ais for (b), but with the addition 
of 40ul of a IM sdiutioii bf glucose and ioul of a 
2.3mH solution of glucose oxida^ei. 

20 Figure 8; shows a) 1)C cyclic voltammogram of 3mg of a 

ferrocene derivative of a polysaccharide in iml 

K^HPO^rNaCl buffer @ 37-C with 50iil of human 
saliva, and. 
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b) as for (a), but witii the^ addition 
of 40ul of a IM solution of glucose and iOiil of a 
2.3niH s<)lution of glucose oxidaise. 

Figure 9; Shows a calibration plot of d-aiiyiase 
5 cohcentratibn, againist measured current. 

Figure 10; Shows a Calibration plot of igG-d--aiylase 
cohcehtratioh, against measured ctirrerit. 

Figure 1 : Assay for PolvAer 

Turning to figure 1. there is shown a schematic diagram 

10 of an assay sykteia in which 'a polymeric spiecies (A ) 

n 

is the ahalyte. and the stibitrate for an enzyme/ 

mediator system comprises a iiiohbmer or oligomeitr of\ 

polymer f^^)- The polymeric species (A y is 

degraded by a site or cbmpbrient specif ic depblymerase 

15 enzyme iQ) to produce shbrteniBd pblylaers (A ) and 

m 

monomers (S) possibly alsio together with dimersV 
triiaers, etc. as discussed above. 

If the structure of the polymer (A ) is knbWn athii the^ 

n . 

action ot the enzyme (Q). is accurately predicted, it is 
20 possible to design a system in which either or both of 
the oligomers (A^) and the monomer (S) are a. substrate 
for the redox enzyme (B) , which is usually an oxidase. 
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and to which redox enzyme a mediatoc such as ferrocene 
is avjailable, 

(A } in its original polymeric form cannot act as a 
n 

substrate for (IB). therefore, this system will niea^uie 
the cohcentratioh of digested (A^) and give ah 
indirect measure of the activity of the depblyiierase 
(0). In the form of current (i) in the electrode (I)* 
If this activity is knbwri. as is assuiaed in the pteseht 
example, a measure of the concentration of the origihai 
polymer cah.be derived. 

It atiy frae nonoiaec (3), is pciB-existing in the assay 
mixture, it is possible to perform a corrective assay 
for the polymer using the *dif f erehtial between the 
current in the presence and the abseticis ot the 
15 depolymerase (Q) . It is envisaged that Such 
measurements could be made simultaneously in a syistem 
which has mbre than one sensing electrode ahd a . 
plurality of compartmehts separated by suitable 
molecular-exclusion membranes. 

20 The illustrated system can also b^s used to assay for the 
depolymeraise (Q)* by providing an exci^ss o£ pbiymer 
(A^) in the assay mixture and omitting the 
depolymerase (Q) . As the polymer is not a substrate of 
the enzyme (E) no current will be detected at the 
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electtode until dlgescioa of the polyiaec (A } occuts, 
thus; the preisence of the depolyiiiecase CQ) can be. 
detected. 

it will be apparent to the man skilled in the art that 
5 the above systems can be embodied in conipetitlve 
^ssay^. Fbc example. if an a^say syiteM cdntaihs 
stibstrat^ (S); ehzyili^ it), and mediator^ btat the 
depbiyTDietase (Q) is replaced by a polymerase, which 
the ^ame siibsttate (S) as the enzyme (it) ahd which 
10 prodiices a polymer which is hot a substrate for th^ 
enzyme (iE), then a cbtapetitive reaction will occur 
between che consumption of substrate (S) at the enzyme 
(E) and thk pbiyiierisetiob of , (S) into ah inactive 
specjies. The current gorier a ted by such a'syete^ 
-15 h^ changed if any of the rate or ciShceltftr 

parametejfS. such as activity of polymerase or .ehz 
(E). or such as availiabillity of substrate (S) were 
-altered*. ■ 

' Fi<iure 2 : Assay f o r Pe p o Ivme rase. ' "\ 

iti Pigrure 2 shews an asSay system in which the ahalyte iis a 
depoiymerase (R)\ 5^hd in which a mediator coin^buhd is 
immobilised as a constituent of a polymer (B^) until 
monomers and oligomers having mediator activity are 
rel^sed by the action of the depoiymerase <R) . 
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la the pri^seace of depblymerase (R), mediatoc is. 
liberated and is free to tranfec charge from the enzyme 
B to the electrode (I). It should be noted that the 
substrate (S) and the product (P) Of . the enzyme (t) are 

5 aot determined by the nature of the depolyiuerase, and 
consequently a wide range of enzymes* substrates and 
miediatbtd can b^e employed with this, particular 
embodiment of the invention* It should also be nbted 
that presence of depolymerase in the assay system for 

Id even a short time will cause a permanent increase in the 
electrode current, as unlike the system illustrated in 
figure 1. charge ttaihsfer wiil continue if the activity, 
of the depolymerase (R) is terminated. 

ft Vatiant of this technique is directed at the aissay of 
i5 a further ahaiyte and causes a chainge in the behavior of 
th4 assay system shown in the figur^ by itis effect upon 
at least one of the rite or concentration parameters, 
such as activity of depolymerase (R). For example, in a 
specific E^odif icatioh of this technique, the 
20 depolymeirase (R) is dovalentiy attached to on^ or other 
of a pair of specific binding partners such as 
antigen/ahtibbdy. in this configuration. the 
depolymerase (R) with antibody attached retains its 
activity and the system function in an identical fashion 
Z3 to that described above. 
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thl^ ^ techhiqiiia could be used to assay aixtibody 
cohceHtratioa oc, in satldwich assays or hetergeaeous 
CQiiipetitive assays^ to assay or inonitor antigen 
cohcenttation. This cohf iigiiratioi is particularly 
5 suita;bie for the estimation of high molecular-weight 
aht i^eh^ * 

A further alternative is that the liberation of the 
immobiilised compohoht accbipahies the disruption of a 
large tfahsf^r restiaihihg molecule or aggregatibn of 
10 moledules- For example, the itembbiliser can comprise a 
lipbsoiae cbhtairiing and confining therewithin a mediator 
compound and attackable by a phbsphollpase to release 
the mediator into the assay system |hd "to thus allow 
Electron transfer to occur. 

Figure 3: Assay for releas&. of Ehzvm 

in the asi^ay system shbWh scheimatically in figure 3 the 
ahalyte is a reagent capable of releaising immobilised 
enzyme (E) into the free portion of the assay system, 
and in which both substrate (S) and a mtdiatoi for 
Enzyme (E) are present in that free^^ Th« enzyme 

(B) may be immobilised in several ways. For example, as 
with the mediator confinement technique set out above, 
the isnzyme (E) can be contained within a liposome (L) 
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aiid released by the aictioa of a by a phbsphdlipase (T) 
on ttve liposome. 

Figure. 4 ; Peptide Hydrolysis > 

Figiires 4a arid 4b, show a system which coftpcises aa 
5 asiay for a . peptide boad . hydroiyslng cdnditioh. the: 
ghzym^ (E) may jierform its ' dataiytic activity upkba the 
substrate. (S), iii this iiistance preseht in solution. 

A media tbr (P) iS attached via a linlter group L^, to a 
strticture ihcludihij a peptide bond P. 

TO Little or ho charge is transferred to the electrode^ 
whilst the mediator is cohfihed by the peptide bdcid (?) . 

on occuttehc^ of a cbriditioh whidh causes the bteakage 
of the peptide bond P, as shown in figure 4(b) the 
mediator/L^ conjugate m:ay fceely diffuse ahd trahs^er 
15 charge lCcom the ensiVme to the electrode, theteby driving 
a detectable signal, and indicating that the peptide 
bond P has been brokeh. 

Ficroire S ; Mdiecuiar Exclusibh kiembrahes . 
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Figure 5 shows an alternative system to that shown in 
Figure 4 which makes use of a molecular exclusion 
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membrane (3) to separate the mediator (M) which is bound 
to a* large molecule (X). and the enzyme (B)* both of. 
which ace too large to pass through the meiabrane (3). 
Ih this example, breakage of the lihkagie betweeh the 
5 mediator (M) and the large molecule allows the mediator 
to diffuse through the membrane and mediate the transfer 
of charge from the isnzytae B to the electrode^ 

FiQUte 6 ; Rfeddk Eh2ivme. Free Systems 

In figure 6 a system is shown which lacks the redox 
enzyme generally referred to as E in the other figures. 
The only ehzytde which is required th the . assay system is 
that which depolyiiierises a polyiner • (<i^y . whiph ha-s 
mediator attached thereto^ As with the ^ system, 
illustratisd in figuie 2; itiediatdr is libetated by a 
depblytaerase (R) . it is possible to obtain iai respbhse 
to the presence of the eiectrocheidically active mbridier 
at the electrode (1), from which the activity of the . 
depolyimerase can be determined • It should again be 
noted that presence of depolymecaise (R) in the assay 
system for even a short time will catise a pt^rmahisnt 
change in the electrode response. 
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EXftMPLE A : Preparation of 6->0^f errocenia^amyloaie 

In order to perform a method such as that illustrated in 
figures 2 and 7, 6-0-f errocerie-amyldse wais prepared asf 
described in Methbdis iii Carbohydrate Chemistry Vol IV li 
5 300 for the preparation of 6-d-t:6siyi-afiylose, 

1.5g of amylose was suspended in 30 ml dry pyridine and 
stirred at 35*C for 30 taihS, 517 mg of ferrbcehdyl 
chloride (prepared by the lit^ratiite method) Was then 
added ih one portion and stirring was continued fbr 
]0 Ihir. The mixiiure was then poured in a chin Stream to 
2S0jml of an ice cold solution of methanbl *ahd water (4:i 
v/v). The product precipitatiBd imiaedlately as a brighfe 
orange compound. This was collected by cehtrifugitibn. 

the cehtrifuged product was Wais'hfea with, twiie with each 
15 of methanol, water and acetone aiid f ihaliy a^ain with 
methanol to leave a clean solid and colotirless 
supernatant. 
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EXAMPLE 2 : Eiecttochemistrv of ferrbceae-amvlose. ia a . 
. . three., elfectrode cell With .k. <irapliite 

vbrkinq .electrode 

b/C. cyclic voltammetty experiments were perforiaed using 
3 a two compartment cell with a working voluMe of I ml., 
in addition to the working electrode, the .clall cohtalned 
a 1 cia platinum gauze counter electrode and a 
saturated caibmel reference electrode. All pbtentials 
Were referred to the isattirated caibmel electrode (SCE). 

ig Simpieis bf the insoluble; ferrbcen^-amyiose complex were 
sonicated. The buffer used for .electrochemical 
bxperimehts was d,iM phosphate buffer {pH 7.0)'. 
cbhtaihing BOifiM^^ 

The f errbciene-amylbse conjugate (3-0 mg) Was suspended 
15 in phbsjphate buffer (10 mis) and sonicated for 2 mins to 
produce a finely dispersed suspension. After 
sonicatibn« the suspehsibh was placed in the sample 
bbiiipartmeht of the electrochemical ce^ll and mixed 
thbrbughiy using a magnetic stirrer. 

20 After a suitable equilibration time (10 mihs), the d.c. 
cyclic voltammogram of the suispension was recorded over 
the potential range 0 to +6S0 mV vs SCE, the cyclic 
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voltanimogcam ot the f err ocene^amy lose complex suspended 
in buffer showed no direct electrochemistry at the 
working electrode. 

EXAMPLE 3 ; Electrochemistry of f etrocene-amvlose in 

5 the presence of amvlbalucosidase 

Amylbglucosidase (1 ing) was added to the eleictrochemibal 
cell and the sample wais tftoroughiy miked. thfe cyclic 
vblcammbgram of the solution was recorded it 5 and 15 
mins after the addition of amybglucoisidase^. On addition 
Id of aiayloglucosidase, electrochemistry due to this release 
of 6-6-fetrocarioyl glucose from the complex under the 
action bf the ehyziajs, was observed. 

It was api^aient that incubation 6f the f ertoc^nLe-^amylbsg 
complex with amylogiucosidase for longer times reisults 
15 in an increase in the current iErom the direct 
el^cttocheiaistry of the reaction products. 

EXAIgLE 4: Electrbchemisticv . of . f iarrocerie-amviose iA 
the, .pr esence 6f . amvlocxlucQsidase. glucose 
oxidase arid .alucoise . 



20 



After recording the cyclic voltammograms in example 3, 
glucose (50 ul of a IM solution in acetate buffer, pH 
4.8) and glucose oxidase (50 ^1 of a 3 mg ml~^ 
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SolutibQ in acetate buffer, pH 4.8) were added to the 
^tispenslpn and the cyclic voltaininogtani recorded. 

Additibit of ^lubose and glucibse oxidase to the 
electirochemical cell caused aii increase in anodic peak 
5 ciurreht from llOiiA to issnA since the degraded 
firrocehe-^amylose acts as a mediator to the glucose 
oxidase as illustrated iiS ^eii^rial terins in figure 2. 

It can ii^ seen that feribcehe when attadhed to a 
polysaccharide shows ho electroche^iistry whatsoever at a 
wdrkihg electrode until that polysaccharide i^ 
^nzymaticaiiy Hydrbl^^^^ Ttife |)rbgressive degradatibn 

of pbliirmers cohtainihg electrbactive species by enzymic 
digeistiah of liberates theisie s^bieS to exhibit their 
^lebtrbactive prbjperties. 

The fdllbwihg exampies (5-10) relate to the action of 

d-amyiase in hydrblysihg aimylbs^ polyiaer and derivates 
thereof. 

EXM6»LE :S: Preparat iog of antibodies labelled with 
d-^aiaVlase. 

20 a-amyiasd was conjugated to bovine IgG using 
glutaraldehyde. d-amylase (24mg) and IgG (lOmg) were 
dissolved in 2ml phosphate buffer pH 6.8 (O.IM) to this 
60ul of a 10% aqueous solution of glutaraldehyde was 
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added with gentle stitriflg. The solution w^s left to 
stand foe 30min. The ceactioh was termiriated by the. 
additioh of lOOul of a 1% ethanolamine solution. The 
conjugate was purified using PPLC ["Fast Protein Liquid 
Chromatography"; trade-name, of Pharmacia] usih^ a g%U 
filtration column. The IgtS cohtertt of the cbttju^ate . was 
assessed using goat-antibovihe igG labelled with 
alkaline phosphatase. 

EXAMPLE 6 ; Three-electrdd6 :SY stea. el6«^tr6eheiii|tirrY 

g-0^feerbceiia^aiiivl68e in the eriakairigA of 
h6g:-pa ncrfeag a-amyia^a ^ 



When a-amylase -was added to the cell to give a final 
in-cell cohdentration of 250. and the contents incubated 
at 37-C for 10 minutes, a new. guasi-rever&ible redox 

15 couple (E - 463mV vs SGE; AS =125niV) was 

p - 

observed. Figure 7b shows a dc cyclic vbltimtb^faili of 
the solution (a) after inciibation at 3f*C ^^<ic iokiri. 
With 25U a-aifiylase. 



The anodic peak current for this couple, increased With 
increasing incubation time and so the species .^iVing 
rise to thii Vbltamttograid can, bhly bd from the piroducts 
of the ehaymic reaction. 
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EXAMPtiE .7 i Thirae'-electtode s^Steft. electrbchamistrV of - 

6T-0-f errocene-amvlose in the presence of 
hog Dancreas, ct:-amviasa. G9 D and aliiebsa 

Addition of glucose (46iiil of a IM solufcibn in 
phosphate/NaCl buffer. pH 7.0) and giucose oxidase 
(lOul of the stock 2.2 6 M solution) showed citaiytic 
behaviour with cleavage product^. E'igure 8c shbWs a 
cyclic Voltaraflibgtaia as f bt example 6; but . with th& 
addition of 40ul of a IM sbiutibh of glucose and 
lOul of a 2.3mM solutibh of ^glucbsS bxida^e. 

the catalytic ducrent fiba tke breakdown product^ wa^ 
estimated as itiA it SOOmV, it shbuld be libted th^t ii 
thfe abs&nce of of a-amylase, the species with a redox 
peak at 550mV did not slibw catalytic behaviour wheh 
15 glucose oxidase was added to the soiutiba. 

EXAMPLE 8; three^el ectrbde svsteai. electroehemistrv of 
6-0-f.errbcehbvl ~amyiose V iti the -Pti^isence; of 
aalivatcv dt^affivlase. 665 ahd: Mubosia 

th6 abbVS exipeciittisnt wa§ repeated tfslh^ sbvl of hunidn 
20 saliva instead of a-amylase. resulting in a catalytic 
current at 550mV of -2iiA. Figure 8a shows a DC 
cyclic voltammogram of 3mg of a feccoceae derivative of 
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a polysaccharide in Iml K^IJPO^iNaCl buffet 9 37»C 
witU ;5dul of human saliva. Figure 8b shows a cyclic, 
vol tammo gram as ^hown in fi^re 8a. but with the 
addition of 40ui of a iM solution of glucbse and 
lOwl of a 2.3inM solution of giu6o^4 oxidase. 

Normal human serum has ah . a-amyiase activity ■ of about 
1500 U/1. Therefore the effect of I u/ml d^aiayiase 
(final concentration) on 3mg amylos6-f errocenfe polyiaec. 
•was investigated under the cbhditldhS described abtfVe.. 
the catalytic current iiiea^tited uiidec these cohditiphs 
Was approximately 9bnA, 

Example 9; • Pose/res ponse curve for tr-amvlasB 



Perrocene-amylose polymer (3 mg^/ml) wis sobicit^d in 
phosphate buffer pH 7.0 (O.IM) containing BOnik gliicose- 

15 One ml of this suspehsidn was added to an 
electrochemical cell, and varying aiadunts of di-amhase 
were added. After a lb minute incubatioh. excess 
glucose oxidase was added and the catalytic cutreht 
measured at +550mV vs SCE a dose/tespbhse curva was 

20 Obtained. The response curve is shown in figura 9. 
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iBaiiaiaDle 10 ; Dose/respbase curve to antibbdteis' Ikbelled . 
with: g-amvlase . 

the saiae procedure as described above ii exainiple 9, was 
followed With the sole exception that a-amylase 
5 labelled IgG was used instead of a-amyla^e. The 
iriBsponse curve is shown in figure 10. 

As can be clearly in Figures 7^9. the actioh o£ aittylase 
oh 6-0^fi6rrocehe-amylose provides ah excellent basis fox 
an ampetometric sensor for the measurement of ainyiase 
^0 activity^ As can be seen froia fxi^ure I0> tiie system 
alsb' provides a label suitable fbt use with inimunb^s say 
sys'tems.. 

We envisage the use of a two^electrode system to measure 
both a-amylase activity in serum samples from a normal 
15 population as well as thoise seirum samples codtalhihg 
pathblogically high levels of d-amylase. This 
represents a significant iiiprdvement over the 
pblardgraphic method described by Scheller et al. 



20 
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SliMiiS • 

1) The iisia of an eiectcbchemieal detection of redox 
species in a mgdium to det^cmifie th^ bccurencfe oi a 
donditibn iindei: which stich species are produced or 
released* Wherein such productioh or release is enabled 

5 by the digestion or disruption of a macromblecular 
speciie's . • • ' 

2) An assay system cbmprisihg; 

a) a aia:croniblecular spiecies cbmprisihig at least in 
part ^ cbmponent, activatable bh dig6stibh.br disruption 

10 of the macromolecular s^ieeies to produce, liberate, 
sequester or_ielease directly, or facilitate indirect 
productioh.. liberatibn-, sequesttatibn or. release of 
redbi species withih a mediiim 

b) electrbde miaans respbhsiVe to the presence of 
15 tiiQ redox specibs. for electrochbmical detection br 

measurement of the redox species in the medium. 

whereby the. said detection . or tf^asiireiiieht is telatfed 
to the digsstibh br disruj^tibh bf the .maccbmbieculat 
spetties. as Enabled, oh bccuterice ot a predbtermined 
20 condition, thereby being cap^ible of a response to the 
presence type or amount of the mactomolecular species, 
and/br of the said presence or amount of digestion or 
disruption and/or . of circumstances affecting the 
indirect prbduction of the redox species. 
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3) ha assay, system accbrdiag tp claim 2, iiicludihg; a. 
redox ^nzyiae, a medlatldc coiBpdiihd capable 6t 
facilitatin? thei transfer di: charge to or. £rbm the redox 
enzyme to the el€ic;trode> and. a substrate fdr the redox 
5 enisyme; wherein; 

aj the coiiipohent comprises one of said redox enzyme 
or mediator, and, 

b) the matbromblecular species comprises a 
large-molecule immofoiliser material linked to the 
id component, 

whereby upon, digestion or disruption of the 
macrotttdieeul^r species, the redo* enzyme, substrate and 
' mediator interact to provide . the redox species at the 
electrbde. • 

IS 4) An asisay systeia comprising; 

a) a teageht system capable of f acillitating the 
production or r.eleasia of redox species within a medium 
in the presence of a compoheht produced or released from 
a maerotodlec^aiar spM^ by digestion or disiciiption of 

20 the macromoiecular species* arid ^ 

b) electrode means responsive to the presence of 
the redox species, tot electrochemical detection of the 
redox species in the medium. 
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5) Ani assay system acicotdiiig to claim 4, incltidiag 
either a redox ehzytne oc a mediator compound capable of 
f acilitatiixg the trahsfer of charge or from the. redox 
eazyme to ths electrode, aadi^ a substrate fot the redox 
5 enzyme: wherein: 

a) the component, cbmprises . one. of said redox, enzyih^ 
. or mediat^or.^ 

b) the syitdifi ftirthisc bompris^s a further enzyme td^ 
ptbdudis or telease the cdsipbhent in the presence Of the 

10 ioaacromolecular species^ 

wherein on creatmeht of the assay system With a 
sample cohtaihihg the . madrbiaoleduiar species ctiarg^ is 
cbhseqtiently tfattSf erred Via the iaediatbr cbmpourxd to br 

from th6 said electrode. 

• ■ .. ' . . ■ ■ _ 

15 6) An a^Say system accbrdihg to claim wherein 
macirbmbl^cularr spedies Is a redox modified poiym&r, 

7) Ah assay system tot ah enzyme having a polymerase 
activity cpmprisihg a quantity of monomer or bligbiaei 
capable of being cbhdensed ihto a polymer; ahd« 
20 cbvalently linked to said monbiaer or oligomer, either: 

i) an enzyme having a redox activity on the said 
mbhomer or bligbmer, or 

ii) a mediator compound capable of trathsf erring 
charge to or from the enzyme (i) to an electrode when 
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the enzyme (i) iis catalytically active. 

Wtterein oh tfeatasfit o£. th4 assay sj^stem with aV 
saniple contaihing a joiyfaecase caiiabis 6t tjoiyin^lisihg 
the said bligornlecS oir niOiiomeE. the effective amdunt of 
the enzyme (i), ot the mediator (ii) and Consequently 
the amount of chatgii ttanSfieir^d vik the mediatbc 
comjpound to er f cote th% Said ei6<itcode, is cedueed by 
the pblymeciisatidh of the mbnbmer or oligbmet. 

8) -A method of assay including the steps of; 

a) preparing a mixtute contaihing knbwih amounts of; 

i) a cedbx eiizyBie , 
ii) a aeidi^tot cbiipbtjhd capable bf tr^hsfecriag 
charge frbin the redbk ehiyme tb ah electrode oh 
bcciirence of ai tedbi react ibh, and, 

ili) a substtitefor the redox reactibh. 
wherein at least one of ebmpohfents i) or ii) is 
linked tb a mactomblSbule, whereby bharge transt^r to 
the elect rods surfaice is restricted, 

b) tteatihir thfe mixture with dh agisht suspected of 
being capiblb bf effectively liberating the cbmpbnent 
linked tb the macromoliecule/ and, 

c) detecting or measuring th# chaige tran^f^r tb or 
from the Slecttode stitface. whereby the presence ot 
ambunt ot the agent iaiay be determined.' 
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9) At method of assay including the steps of; / . 

a) prepaciixg i mixture containing known amount^ of; 

i) a cedosc enzyme « 

ii) a mediatoc compouhd capable of traridf ettlng 
5 charge biatweeh the redox enzyme and an electrode siirface 
oh bccurehce of a redox . reaction* 

iii) a substrate for the redox reaction, and/; 

iv) a ligand labelled with ah ehzymfe having a 
depolymerase activity on a polymer. 

10 wherein, at least one of cdiaponerits i) or ii) is 

linked to the polymer whereby charge trahsfet is 
restricted until the component is effectively liberated 
into; the mixture, . " ♦ 

b) treating the mixture yith a sample suspected of 
15 dontaihing an antiiigahd capable df a Specific " bindih^. ; 

reaction with the ligand. ahd.= 

c) detecting or measurihg the petturbation of 
charge transfer, whereby the presence or amount of the 
reaictiv^ species may be determined. 

20 10) the assay of claim 3. 5. or 7 br the method of claim 
8 or 9 in which the mediator cbmipound is chemically 
attached to or included within a mdnomeric lihlt of a 
polymer. 
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11) The assay of claim 3, 5^ oc 7 or the method hi claim. 
8 or 9 in which the redox enzyiae is of the type 
described as glucose oxidase or glucose dehydrd^ehase* 

12) the assay of claiin 6 in which the further fehiytae is 
5 a dei?l6ym^rase . • ' / 

13) the as^ay of claim 12 in which the deploynte^M^^e i^ 
amylogliicbisldase or ct-Amylase. 
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